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is TECHNICAL FIELD 

This invention relates generally to the field of communication networks and more 
particularly to a system for reducing network cabling and installation cost by providing 
an auto-terminated bus topology between nodes of the network. 


20 BACKGROUND OF THE INVENTION 

Communication networks are an integral part of everyday life. A variety of tasks, 
both complex and mundane, are effectively and quietly monitored and controlled by 
computer networks without requiring constant human interaction. Networks can 
interconnect several devices or modules for controlling and monitoring an environment, 
25 process or task. The devices and/or modules can be linked together via a communication 
cable. These devices include, computers, programmable logic controllers, sensors, 
gauges, monitors, display terminals, valves, motors, machinery, alarms, etc. 

As networks become more reliable, society becomes more dependent on them. 
Ironically, the more dependent society becomes on networks, the more difficult it is to 
30 manage everyday operations when the network fails to function properly. Because the 
modules are interconnected, problems occurring with one module or section of the 
network can affect other parts of the network. 

Network modules communicate with each other via a communication bus, e.g., 
Ethernet. Ethernet networks encompass a variety of network structures or topologies, i.e., 
bus, star, as well as utilizing different types of transmission cabling, i.e., co-axial cable, 
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twisted-pair and unshielded twisted-pair lines. Network problems can occur through the 
failure or removal of an individual module, device or sub-network in the network. If the 
bus is severed or if a network module is removed or replaced, the electrical characteristics 
of the bus are affected; namely, the electrical impedance characteristics of the 
transmission bus throughout the network. When the impedance characteristic of the bus is 
not matched within the network, the communication signals are adversely affected and 
the signal transmission can be corrupted. 

To combat network problems, Ethernet networks are often configured in a star 
topology. FIGURE 1 . The star topology resolves network disruptions caused by removal 
of a network module or separation of the communication cable by providing for the 
disruption to affect only the specific branch of the communication cable. Although the 
star topology is beneficial, additional cabling and network devices, e.g., hubs, are 
required. The additional equipment increases the overall cost and complexity of the 
network. 

This invention is directed to solving these and other problems. 

SUMMARY OF THE INVENTION 

The present invention provides a topology for a master/slave communication 
network for responding to breakdowns in communication throughout the network, most 
notably, disconnected network modules or severed cabling. 

In one aspect of the present invention, a topology is provided for facilitating 
communication throughout a network. The network topology comprises a transmission 
cable including a transmit twisted- wire pair, a receive twisted- wire pair, and a sense 
cable. A master module includes a master transmit terminating resistor and a master 
receive terminating resistor. Both master terminating resistors are operably connected to 
the transmission cable. A slave module includes a slave receive terminating resistor and 
a slave receive switch. The slave receive terminating resistor is operably connected to the 
slave receive switch wherein the master transmit terminating resistor and the slave 
receive terminating resistor are operably connected to the transmit twisted- wire pair. A 
load resistor is operably connected to the sense cable. The slave receive switch is 
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operably responsive to the load resistor to generate a receive terminate enable. The slave 
receive switch inserts the slave receive terminating resistor onto the transmit twisted- wire 
pair of the transmission cable in response to the receive terminate enable. 

A further aspect of the present invention is directed to the slave module further 
comprising a slave transmit terminating resistor and a slave transmit switch. The slave 
transmit terminating resistor and slave transmit switch are operably connected to the 
receive twisted-wire pair and the master receive terminating resistor. The slave transmit 
switch is operably responsive to the load resistor to generate a transmit terminate enable. 
The slave transmit switch inserts the slave transmit terminating resistor onto the receive 
twisted-wire pair of the transmission cable in response to the transmit terminate enable. 

In a method of minimizing communication signal disruptions within a 
master/slave network, the present invention discloses the steps of minimizing 
communication signal disruptions in a master/slave communication network comprising a 
master module, a slave module, and a transmission cable. The transmission cable is 
operably connected to the master and slave modules. The method comprises the steps of 
providing a slave receive terminating resistor being operably connected to a slave receive 
switch and a transmit twisted-wire pair of the transmission cable. A voltage signal on the 
transmission cable is sensed wherein a terminate enable is generated in response to the 
voltage signal. A switch is activated in response to the terminate enable wherein the 
slave receive terminating resistor is placed onto the twisted-wire pair for properly 
terminating the transmission cable. 

One object of the present invention is to provide a low cost method of connecting 
a master device to one or more slave devices on an Ethernet 10BASE-T or 100BASE-T 
network without the need of a network hub or switch. 

Another object of the present invention is to provide a communication network 
capable of quickly repairing disruptions in the communication network for the purpose of 
maintaining high quality communications in as much of the network as possible. The 
repair of the network is accomplished by electrically terminating the truncated network to 
reduce the resulting network disruptions within the remaining network. 
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Other features and advantages of the invention, which are believed to be novel 
and nonobvious, will be apparent from the following specification taken in conjunction 
with the accompanying drawings in which there is shown a preferred embodiment of the 
invention. Reference is made to the claims for interpreting the full scope of the 
invention, which is not necessarily represented by such embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a block diagram of an Ethernet 10/ 100BASE-T network system 
configured in a star topology known in the prior art; 

FIGURE 2 shows an overview block diagram of a network system illustrating the 
relationship between the network devices and the communication bus according to one 
embodiment of the present invention; 

FIGURE 3 is a schematic diagram illustrating the relationship between the 
switches, terminating resistors, network modules, and serial communication of one 
embodiment of the present invention; and, 

FIGURE 4 is a block diagram showing an alternative embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Although this invention is susceptible to embodiments of many different forms, a 
preferred embodiment will be described and illustrated in detail herein. The present 
disclosure exemplifies the principles of the invention and is not to be considered a limit to 
the broader aspects of the invention to the particular embodiment as described. 

FIGURE 2 shows a master/slave communications network 1 0, preferably Ethernet 
10BASE-T or Ethernet 100BASE-T. A plurality of network devices 12, i.e., master 13 
and slave 15; are interconnected by a communication medium 14, preferably a 
transmission cable. The communication network 10 is configured in a serial bus 
topology layout, but can also be configured in various other topology layouts. A 
connector 16 operably connects each slave device module 15 to the communication bus 
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14. Electrical data and/or control signals travel on the bus 14 between the slave modules 
15 and the master module 13 of the network 10. 

Due to the high-speed transmission of the communication signal, the quality of 
the signal transmission is vulnerable to noise. Generally, a high-speed communication 
bus 14 is required to be properly terminated at its ends with a matching terminal 
impedance to ensure accurate communication throughout the network 10. An improperly 
terminated transmission bus 14 having unmatched terminal impedance values at its ends 
will allow high speed signals to reflect on the bus, causing signal disruptions. 

Similar to an improperly terminated communication bus 14, the removal of a 
slave module 1 5 from the network 10 or the severing of the bus 14 will also result in 
reflections and disruptions of communication signals on the network 10. The removal of 
a slave module 15 from the network 10 may also truncate the network near the removed 
module. The removal of part of the network 1 0 can result in an improperly terminated 
communication bus 14 near that location, ultimately causing poor communication 
performance on the network. 

FIGURE 3 depicts a schematic diagram of a plurality of modules 13, 15 operably 
connected within a network 10. One set of terminating resistors, i.e., a master transmit 
terminating resistor 21 and a master receive terminating resistor 23, resides within the 
master device 13. Another set of terminating resistors, i.e., a slave transmit terminating 
resistor 21 and a slave receive terminating resistor 23, resides near the other end of the 
bus 14, preferably within each slave module 15', 15", 15"'. A plurality of slave devices 
15', 15", 15'", connectors 16, and cables 14 lie between the two ends of the network 10. 
The communication cable 14 comprises a transmit twisted- wire pair 29, a receive twisted- 
wire pair 27, and a sense cable 31. A pair of switches 33, 35 within each slave module 
15', 15", 15"'are operably connected to the bus 14. The connector 16 operably connects 
each slave module 15', 15", 15'" to the bus 14. The switches 33, 35 are preferably 
electronic, but may also be electro-mechanical. 

The switches 33, 35 are responsive to the presence of a voltage on the sense cable 
31 portion of the communication bus 14 to generate a terminate enable signal. Two 
terminal resistors, i.e., slave transmit terminating resistor 21 and slave receive terminating 
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resistor 23, of each slave module 15', 15", 15'" are operably connected to their respective 
switches 33,35. Sensing the voltage signal on the sense cable 3 1 portion of the 
communication bus 14 generates a terminate enable signal. In response to the terminate 
enable, the switches 33, 35 insert the matching slave terminating resistors 21, 23 onto the 
bus 14 near the slave module 15 nearest the newly created end of a severed 
communication bus 14. Terminating the newly created end of the bus 14 with a pair of 
matching impedance terminating resistors 21, 23 will maintain the quality of signal 
communications in the remaining operable network. 

A portion of the network 10 may be disconnected through error or design. For 
instance, the transmission cable 14 can be cut or the slave module 15 can be removed 
from the network 10. When either of these situations occur, the nearest operable slave 
module's switches 33, 35 respond by sensing the discontinuation in the communication 
cable 14 and inserting the slave terminating resistor 21, 23 with an appropriate value at 
that point in the network 10. Thus, the network 10 is automatically "terminated" nearest 
the point of discontinuity within the network 10, thus keeping the largest possible amount 
of remaining network in operable use. 

Each module 15 has a set of switches 33, 35 operably connected to a slave 
terminating resistor 21, 23, respectively. The switches 33, 35 are preferably solid state 
devices, but may be an electromechanical coil with the relay replaced. The switches 33, 
35 and terminating resistors 21, 23 of the network 10 can be replaced with 
electromechanical relays having a coil in place of the load resistor 26 and the normally 
closed contacts replacing the switches. Multiple solid-state switches can also be placed in 
parallel to lower the "on" resistance of the switch. 

A voltage signal flows via the sense cable 31 to each slave module 15', 15", and 
15"' on the network 10. If the voltage is not sensed by the slave module's switch 33, 35, 
i.e., the voltage at the load resistor 26 is zero, the switches 33, 35 are closed and the 
respective module's 15 switch 33, 35 will insert the respective terminating resistor 21, 23 
into the network 10 at that location on the bus 14. Thus, the network 10 is properly 
terminated at its farthest operable point on the bus 14. Preferably, the value of the 
terminating resistance matches the characteristic impedance of the network cable bus 14. 
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For Ethernet bus systems, the characteristic impedance is approximately 100 ohms, but 
other cable system may require different impedance values to properly terminate the 
network. Conversely, if a voltage is sensed at the load resistor 26, i.e., the voltage at the 
load resistor is not zero, the switches 33, 35 are open. It is to be understood that one of 
ordinary skill in the art could easily substitute normally opened switches for normally 
closed switches and normally closed switches for normally opened ones. 

For example, if the voltage across the load resistor 26"' for the third module 15"' 
is 0 volts, the third module's switches 33"', 35"' will be closed and the terminating 
resistors 21"', 23"' of the third module will be inserted into the network 10, as desired. 
As another example, if either the third module 15"' or the bus 14 between the second 15" 
and third module 1 5"' is disconnected, the voltage at the load resistor 26" of the second 
module 15" will be 0 volts. The switches 33", 35" of the second module 15" will respond 
to the lack of voltage on the sense cable 3 1 near the load resistor 26" of the 
communication bus 14 and close the switches 33", 35" of the second module 15", thus 
inserting the terminating resistors 21", 23" of the second module 15" onto the transmit 
twisted- wire pair 29 and receive twisted- wire pair 27 of the bus 16 and properly 
terminating the network 10 at the farthest possible location within the remaining operable 
network. Thus, communication disruptions caused by the removal of part of the network, 
or device 15 thereon, are minimized by the auto-terminate scheme. 

The present invention can also be implemented to work with "two-sided" 
networks as well. FIGURE 4. The master module 13 includes two sets of terminating 
resistor pairs, i.e., a transmit terminating resistor 21 and a receive terminating resistor 23. 
Essentially, the master module 13 functions with two networks 10, 10' of slave modules 
15. A discontinuation of the communication bus 14 on either network 10, 10' is sensed 
by the nearest adjacent switches 33, 35 and a terminal resistor 21, 23 from the nearest 
operable adjacent slave module 15 will be inserted onto the communication bus 14 to 
terminate the affected network 10, 10'. The terminating resistor 21, 23 providing the 
matching impedance for reducing the adverse affects of signal reflections resulting from 
an improperly terminated network. 
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While the specific embodiments have been illustrated and described, numerous 
modifications are possible without departing from the scope or spirit of the invention. 
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